Abstract-This study seeks to assess the impact of IT infrastructure capability on cooperative inter-firm relationship, called electronic cooperation. Grounded in IT infrastructure framework and transaction cost and information processing theories, we identify multiple dimensions of IT infrastructure capability-IT resources, information resources, and process resources and propose a model and formulate hypotheses, which articulate relationships between the dimensions and electronic cooperation. We then test the hypotheses empirically using the data from a survey of IS managers in manufacturing and retailing industries. The results support the multi-dimensional view of IT infrastructure capability in inter-firm relationship.
INTRODUCTION
Firms have used a variety of information technologies (IT) to do businesses with their partners within supply chains, which include Internet, electronic data interchange (EDI), interorganizational information systems (IOS), and/or combination of them. There are increasing numbers of studies that view such information technologies as inter-organizational IT infrastructure (e.g., [5, 8] ). It has been viewed as major means to coordinate and communicate to partnering firms and to support B2B commerce [1, 4] . In fact, firm shave been used such IT infrastructure to manage inventory via electronic links to suppliers, to strengthen business process integration with business partners, to support inter-firm business process redesign [12] , and to design and customize products and services with customers and suppliers [9] .
Such IT infrastructure alters efficiency, business processes, and power/domination relationships within supply chains and it has been said to enable firms to build a new form of relationships in their value chains [4, 13] .For instance, firms within a competitive industry may use IT infrastructure to unite their business processes under common set of standards and protocols, and the standards help firms to establish entry or exit barriers and create a more oligopolistic market structure. IT infrastructure has been used to manage coordination processes between firms and to make the workflow systems in relationship be tightly integrated. In addition, the increasing transparency offered by Internet-based information systems often forces companies to move toward more tightly coupled inter-firm relationship [3] . Especially, Clemons, et al. [13] argue that IT infrastructure leads firms to have less vertical relationships and move to long-term relationships with smaller number of partners by lowering coordination costs. This tightly coupled IT-mediated inter-firm relationship is called as electronic cooperation [4] and firms explicitly exploits IT infrastructure capabilities to establish this type of relationship.
In this study, we are concerned with electronic cooperation achieved through the implementation and use of IT infrastructure capability in inter-firm context. Key research questions that motivate our work are: (1) to identify the dimensions of IT infrastructure capability to be utilized for inter-firm relationship and (2) to examine the impacts of the dimensions on electronic cooperation. To answer the questions, we propose and test a model drawing from IT infrastructure framework, transaction costs theory, and information processing theory. 
II. RESEARCH MODEL AND HYPOTHESES
A suitable research mode is developed to show how the three dimensions are interrelated and the impact of process resources on electronic cooperation. As shown in Figure 1 , the research model and the associated hypotheses are elaborated.
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A. IT Resources IT resources represent the provision of shared IT services on which inter-firm IT applications are implemented and used [8] . The shared IT services includes an integrated telecommunication network, task/team support technologies (e.g., groupware and discussion databases), information-rich media, and united customer database. In EDI-based ordering relationship, for example, manufacturers and suppliers utilize network protocol such as TCP/IP and XML and transaction sets for document exchange, and IT resource standards for processing transaction data.
Firms implement and use IT resources to significantly improve electronic interactions, such as electronic hubs and web services, with their trading partners [17] .IT resources determine the nature and scope of technological integration between partners, which in turn, influences the degree of process integration of their relationships. For example, proprietary IT resources are likely to offer more customized IT functionality specific to existing inter-firm relationship. When IT resources provide extensive and customized IT services shared, firms in a relationship tend to build relation-specific process resources of IT infrastructure, which are forming relation-specific electronic interactions [5] . The formation of relation-specific linkages also enables firms in a relationship to exploit the IT infrastructure's benefits fully. The extensive and customized IT resources tend to make partnering firms build relation-specific workflows, processes, and human skills. Moreover, they delineate the "reach" of partnering firms, which is described as the locations and frequencies the partners in a relationship can reach. Thus, when more extensive and customized IT resources are shared, partnering firms are likely to establish multiple and intensive coordination structures which link their various functional areas with a variety of interaction channels. Therefore, this leads to our first hypothesis. 
B. Information Resources
The support of information resources to diverse information and high-quality information exchange lead firms in a relationship to reduce or eliminate information distortion and allow them to form effective coordination structures for facilitating many business coordination activities such as forecasting, synchronizing production and delivery, and making inventory-related decisions [11] . The extent to which information resources can support to diverse information such as operational, tactical, and strategic information between firms is considered as a component of process resource of IT infrastructure capability. Therefore, such information resources reduce the extent of conflicts between firms and improve free and frequent communications with minimum obstacles and consequently, facilitate to establish multiple and intensive interactions structures between partnering firms. Thus, we propose the following hypothesis.
Hypothesis 2: Diverse and high-quality information resources of inter-organizational IT infrastructure are positively associated with multiple and intensive process resources of interorganizational IT infrastructure.
C. Process Resources
Organization studies and information processing perspective sees coordination structure as a central factor in understanding the development cooperative inter-firm relationship and as direct correspondence to the nature of electronic cooperation [10] . The multiple and intensive coordination structures formed by process resources of IT infrastructure help firms to execute structured and unstructured inter-firm business processes which in turn, produce business-process specificity and domain-knowledge specificity. These relation-specific processes and knowledge have little use outside the relationship and hold firms together into tightly coupled relationship. Moreover, multiple and intensive and coordination structures provide firms in a relationship suitable information processing capabilities to reduce equivocality and uncertainty, which are considered as a critical factor to cooperative relationship [16] . This leads our final hypothesis. 
III. RESEARCH DESIGN
We collected data through a self-administered questionnaire from IS managers in manufacturing and retailing industries. The research instrument packages contained a cover letter, questionnaire, and postage-paid reply envelopes were mailed to 926 IS/IT managers. E-mails inviting participation in this study were also sent. Of the 926 questionnaires mailed, 13 questionnaires were not delivered and 10 of received mails were discarded since their responses were incomplete or indicated that their firm did not use IT infrastructure with their partnering firms for transactions. As a result, our survey yielded 96 usable responses out of 913 remained and a response rate was 10.5%.The response rate of 10.5 percent is acceptable with the survey studies of this nature.
The target subjects of data collection were IS managers in manufacturing and retailing industries. These industries have used more IT for business transactions for more than decades and have noticed the importance of closer relationships with their partners. Due to this, the choice of manufacturing and retail industries as the target population is becoming more common in the EDI, inter-organizational information systems (IOS), and IT infrastructure studies (e.g., [4] .The unit of analysis for this study is a dyad, dyadic relationship between several large buyers and their respective suppliers. In order to obtain analyzable measures, data should be collected from the two firms in a dyad and combined their scores to obtain an overall measure. However, the dyad-informant method is empirically both risky and can be impractical. In order to solve this problem, this study focuses the view of buyers and suppliers independently. In other words, it measures one firm's assessment on the inter-organizational IT infrastructure capabilities and the same firm's evaluation on electronic cooperation.
IV. DATA ANALYSIS AND RESULTS
A primary means of statistical analyses was structural equation modeling (SEM) using AMOS. AMOS is covariancebased SEM tool. Covariance-based SEM tests the a priori specified model against population estimates derived from the sample. Covariance-based techniques also emphasize the overall fit of the entire observed covariance matrix with the hypothesized covariance model. Because of deductive nature of present research, the SEM technique is employed. The first item of indicator estimate in each construct is fixed at 1.00 and does not have a t-value.** All t-values are significant at p < 0.01.
A. Analysis of the Instrument
To analyze our instrument, we performed tests on construct validity and reliability. Confirmatory factor analysis was conducted to examine the validity of the constructs. Reliability (internal consistency) is an indication of measurement accuracy, that is, the extent to which instrument produces consistent or error-free results. Reliabilities of the four constructs (i.e., IT resources, information resources, process resources, and electronic cooperation) ranged from 0.75 to 0.95, hence internal consistency appeared to be high, as shown in Table 1 . Factor loadings were all positive, significant, and above the cutoff value of 0.4 [20] . Construct validity is the extent to which an operationalization measures the concepts that it supposed to measure. Two types of construct validity were measured. Convergent validity was verified through the t-statistic for each ML estimate. Table 1 indicates that all 16 indicators contain no values significantly different from zero, supporting the adequacy of the constructs. By comparing construct variance extracted with correlations among constructs, discriminant validity was found to be acceptable as well.
B. Analysis of Hypothesized Research Model
The SEM methodology checks the fit between the variancecovariance matrix observed in the sample data and that implied by the research model. This fit is expressed using measures of goodness of fit. Because there is no consensus on a single or a set of measures to assess fit, studies report several measures. As most studies in IS area did, we report observed 2, goodness-offit (GFI), adjusted goodness-of-fit (AGFI), comparative-fit-index (CFI), and the root mean square error of approximation (RMSEA). Values higher than 0.90 for GFI and CFI indicate a good fit [20] , while AGFI values higher than 0.80 suggest a good fit of the hypothesized model [18] . For RMSEA, a value less than 0.1 is considered a good fit, and a value less than 0.05 is considered a very good fit of the data to the research model. The hypothesized research model assumes IT resources (ITR) and information resources (IR) influence process resources (PR) which in turn, has impact on electronic cooperation (EC). Figure  2 presents a graphical representation of the model with path coefficients for each construct. The path coefficients and fit indices for the model are listed in Table 2 . The observed 2 for the hypothesized model is 310.75 (df = 100, p = 0.000). The GFI, AGFI, CFI, and RMSEA are 0.92, 0.81, 0.90 and 0.09 respectively. Adjusting for degrees of freedom, the normed value of 2 is 3.11. All goodness-of-fit indices including the normed value of 2 indicate that the hypothesized model is a good-fitting model. As shown in Table 2 and Figure 2 , most path coefficients are of high magnitude and exhibit high t-values. These values range from 0.48 to 0.91. The t-values indicates that all path coefficients are significant at p = 0.01 or 0.05. Furthermore, the coefficient of determination for structural equations is 0.95 for the model, indicating that 95% of variance of electronic cooperation is explained by indicators. Therefore, H1, H2, and H3 were supported.
Cohen [14] provides recommendations for the interpretation of path coefficient () in social science. Standardized path coefficients with absolute values less than 0.10 may indicate a "small" effect; values around 0.30 a "medium" one; and "large" 
V. CONCLUSION
This paper empirically tests the relationships among the three dimensions of IT infrastructure capability and the impacts of process resources on electronic cooperation. Our analysis provides better understanding about the roles of IT infrastructure on inter-firm relationships in two ways. First, this study extends the scope of IT infrastructure dimension. Previous researches have considered IT infrastructure as a single dimension (i.e., shared IT functionality) and investigated how the single dimension is related to inter-firm relationship. This study extends the dimensions to three: IT resources, information resources, and process resources. It confirms researchers' multi-dimensional view of IT infrastructure. Bensaou and Venkatraman [5] models three IT infrastructure dimensions to fulfill the needs for interfirm information processing capabilities.
Second, this study investigates the interdependencies among the dimensions of IT infrastructure capability. Our findings show the order of precedence among the dimensions. The strong path of IT and information resources process resources  electronic cooperation is our potentially most influential finding. Instead the three dimensions individually have direct relationship to electronic cooperation, IT and information resources together influence processes resources so that firms can establish multiple and intensive coordination structures with their partners and the resulting coordination structures make them closer inter-firm relationships. As IT infrastructure provides extensively shared IT functionalities and customized IT platform and increases diverse and richer information exchanged, the equivocality and uncertainty accompanied to inadequate coordination structures formed in inter-firm relationships are reduced [16] and the opportunity for taking cooperative and coordinated actions in the relationships is also enhanced. This finding indicates that cooperative inter-firm relationship will be better achieved by supporting a variety of interaction channels for aligning business processes, communicating business strategies, building trust, and sharing information between partners. Our findings also confirm the association between structural governance and cooperative relationships stated in the studies in information systems, organization, and marketing areas [10] .
